ABSTRACT The mortality of 3000 male factory workers, 1400 laggers, and 700 women factory workers in east London has been studied. The men were first employed between 1933 and 1964, the women between 1936 and 1942. There was an excess of gastrointestinal tumours but no dose response relationship could be shown. Among severely exposed male factory workers there was an excess of deaths from cancer of the larynx and among severely exposed women of carcinoma of the breast and ovary. Twenty four deaths (2%) were due to asbestosis. There is an indication that the incidence of mesothelial tumours is declining but a further period of observation is required for confirmation.
This paper reviews the mortality of workers employed at an asbestos factory in the East End of London making asbestos textiles and other asbestos products such as prefabricated cement pipes and using crocidolite until the mid-1950s as well as amosite and chrysotile asbestos. The factory opened in 1913 and continued in production until its closure in 1967. In the original study all male workers employed for 30 days or longer by 1964 were studied but were divided into three groups, those wholly employed before the introduction of the first asbestos regulations in May 1933 (438), those who worked both before and after the regulations (140), and those who worked entirely after the implementation of the regulations (4695).' In the earliest group it was only possible to trace 50%. The second group is small and experienced a pronounced change in environment owing to the introduction of the regulations. Therefore, although the mortality of Mortality offactory workers in east London 1933-80 followed up for 20 years but only 9% for over 30 years.
At the outset of the investigation while the factory was still in production, each job was evaluated in terms of degree of exposure to asbestos dust and graded from light (1) to severe (6) , a subjective evaluation as systematic dust surveys were not available. Laggers were separately categorised. Preliminary analysis showed little difference in mortality among the first three groups and they have been grouped together as low to moderate (L/M) exposure; each group is also categorised by duration of exposure-that is, those with up to two years' employment at the factory and those with longer than two years, many of whom had had more than 10 years' service. The laggers were not divided by duration of employment as they were predominently men employed on contract and in contrast to the factory workers many have worked previously or subsequently with asbestos.
Classification of cause of death
Causes of death were coded according to the 7th revision of the International Classification of Diseases. 4 The cause of death coded was that given on the death certificate except that where a confirmed mesothelioma was The ratio of observed to expected deaths (O/E) was used as a measure of excess mortality, and statistical significance was established by taking the observed as a Poisson variable with expectation equal to the subject-years expected. The two sided significance levels for excess mortality were obtained by doubling the probability in the upper tail. Comparisons of excess mortality between groups were based on likelihood methods.9
Results Tables 1 -3 show the mortality from all causes and for cancers in the four exposure categories for male factory workers, laggers, and the women factory workers. The excess of deaths from cancers is most pronounced among the production workers with severe and long exposure, but for men there was also an excess of lung cancer in low/moderate exposure. Mesotheliomas also occurred with low/ moderate exposure. in six. In histological specimens where tumour tissue and lung tissue were available the degree of asbestosis was designated minimum, moderate, or severe, using a classificaton now generally adopted." Table  6 shows the degree of asbestosis by tumour type in men. Only 12 were found with no histological evidence of asbestosis and a further 16 with a minimum degree of fibrosis.
Smoking histories were available for 104 subjects. There was one non-smoker, a man with adenocarcinoma, 14 male ex-smokers, and one woman. Among the 12 men who died of lung cancer without histological evidence of asbestosis five were current smokers, two ex-smokers, and in five the smoking history was not known. In seven of these 12 the duration of exposure was for less than one year, though in six of these the job they held entailed severe dust exposure.
MESOTHELIOMAS
At the time of analysis in 1980 60 male factory workers, 13 laggers, and 25 women factory workers had died of mesothelial tumours. The mesothelioma death rate, calculated as the number of tumours per 100 000 years of exposure, showed a consistent rise with duration and severity of exposure (table 7) . A higher proporion of the mesotheliomas were peritoneal in the severe groups (35/69, 51%) than in the low/moderate groups (5/16, 31%) but the difference was not significant. The laggers have a lower rate than severely exposed factory workers.
Since December 1970, 32 men and 13 women have died from mesothelioma. In 11 (37%) men and six (46%) women mesothelioma was not mentioned on the death entry (table 8). The causes of this high rate of confusion are various. Mesotheliomas are rare tumours with a diomorphic histology. A history of asbestos exposure many years before death may not have been disclosed to alert physicians and pathologists, and in some cases the death has been registered before histological examination of the tissues had taken place. Differentiating between adenocarcinoma of the lung and mesothelioma appears to give rise to particular difficulties; in three instances where death was certified as due to adenocarcinoma the tumour was reclassified as a mesothelioma, and in another three instances the diagnosis of mesothelioma was not accepted and the death was reclassified as due to adenocarcinoma of the lung. This confusion between mesotheliomas and adenocarcinomas has now been clarified by the use of specific tumour markers. Adenocarcinomas are positive to CEA staining using the peroxidase method. '2 In the earlier paper'3 predictions were given on the number of mesotheliomas-to be expected' after The mortality due to lung cancer and to mesothelioma separately have been examined in relation to the age at which a person started working in the factory, distinguishing between those who started before age 25 and those who were 25 or older. Table 9 shows the comparisons for men (excluding laggers) and women. The ratio of observed to expected lung cancers is similar in the two groups of men, but for women those who started young had a rate almost 12 times the expected figure compared with five times the expectation for those who had started when they were older. Mesothelioma rates were similar for the two age groups for both men and women. There was some imbalance between the two age groups for category and duration of exposure but, allowing for this, the differences in the excess lung cancer rates for women was significant (p < 0-05).
Newhouse, Berry, Carcinoma of the larynx (table 11) is included in the "other" group. It is a rare cause of death and was not found among the laggers (expected 0.26) or women workers (expected 0. 17). Three deaths in all were found among severely exposed factory workers with 0-81 expected (p < 0-10). Among the women workers mortality from carcinoma of the ovary and carcinoma of the breast have been followed up with care. One tumour certified as carcinoma of the ovary proved on histological examination to be a tubulopapillary mesothelioma. A further woman certified as dying of cancer of the lung proved to have secondary tumours from carcinoma of the ovary. Neither of these cases are included among the nine deaths shown in table 12. Among these, histological slides were available for four, in all of whom the diagnosis was confirmed. The total number of tumours remains low but the excess rates were higher in the severe and long exposure category, and this excess was statistically significant.
There were 12 deaths from cancer of the breast. Histology was reviewed and the diagnosis confirmed in four. In two lung tissue was available, in one there was severe asbestosis, and in the other minimal asbestosis. In another woman necrospy showed evidence of moderately severe asbestosis, but no slides were available to us. In a further woman who had a Among those with severe exposure there is an excess of deaths due to causes other than deaths from cancer. Chronic respiratory diseases including asbestosis are included in this disease group. Deaths due to asbestosis were most frequent among those with severe exposure for more than two years; nine among male factory workers, four among laggers, and five among women in this category. Another six deaths were due to this cause, all in men: two with severe but short exposure, two among laggers with short exposure, and two after low/moderate exposure of more than two years.
Discussion
This group of factory workers was exposed to both amphibole and chrysotile fibres. Exposure was admittedly heavy, and there was no recruitment to the cohort after 1964, well before the implementation of the Asbestos Regulations of 1969. Even in departments categorised as having " low to moderate exposure" fibre concentrations were higher than would be found under modem conditions. '4 The severity of the asbestos effect on mortality may be gauged by the mortality from mesothelial tumours which accounted for almost 10% of the total mortality, and from lung cancer, where in groups followed up for more than 20 years there was a twofold excess mortality rising to fivefold in severely exposed men, and higher among women.
It has not been possible in this study to isolate groups of workers with exposure to a single fibre, but crocidolite was used in many departments, particularly in textiles, mattress making, and making of sectional asbestos pipes. The women in the cohort were all employed during the period when crocidolite was used. Some of the women worked in departments making filters for army gas masks from crocidolite asbestos from Australia, which was subsequently assembled in factories and has been studied by Wignall and Fox'5 and Acheson et al. '6 To improve the quality of the evidence efforts have been made to follow up deaths and obtain necropsy reports and histological material. As in the previous report5 further information was obtained in about half of the cases followed up. The pneumoconiosis panels contributed most of the material for the studies of carcinoma of lung and 10 mesothelial tumours, but since the previous report of 1969 a further 17 mesothelial tumours have been identified by these methods and these have not been reviewed by the pneumoconiosis panels.
It has been a major interest to determine whether adenocarcinoma was the predominant type of lung cancer among this group of asbestos workers. A previous study of 86 workers with certified asbestosis who died of lung cancer found that among the 28 judged to have normal lung tissue or mild asbestosis, adenocarcinoma accounted for 25% of the cases; among the remaining 58 with moderate or severe asbestosis the proportion with adenocarcinoma rose to 38%." The overall proportion was 34%. In Whitwell's series of non-occupationally exposed patients from Liverpool the proportion of adenocarcinomas was 2% in the bronchial biopsy series, 9 4% in the operation specimen series, and 27*2% in the necropsy series. '8 Whitwell pointed out that squamous and oat celled tumours are widely held to be the type of tumour caused by cigarette smoking, but it is suggested that cigarette smoking can exert a carcinogenic effect on different parts of the bronchial tree, usually producing squamous or oat cell tumours when proximal parts are affected and adenocarcinoma when distal parts are affected. From this study and the more complete study of 197219 it is known that all but about 6% of the men in the cohort smoked, and that 60% of the women-a high figure at that period-also smoked. Asbestos fibre reaches the periphery of the lung and with the cocarcinogen of cigarette smoke produces the distal tumours: in this series, however, which is predominantly derived from necropsy specimens, the proportion of adenocarcinomas among men was 22%, not suggesting a pronounced difference in cell type of lung cancer between this series and the Liverpool series. In Liverpool, however, the prevalence of pleural plaques in the general population is high and asbestos exposure may have been more common than in other parts of the country. Nevertheless, from the information available no particular cell type of lung cancer can be implicated.
An excess of risk of gastrointestinal cancer appears to be persistent in all groups among both men and women, but there is no clear evidence of dose response and the excess risk only reached a twofold level among women with long exposure (table 10) . A similar magnitude of risk is found by Selikoff et al. 2' Cancer of the larynx is an uncommon cause of death. In this study only three deaths were recorded, all among severely exposed workers; less than one was expected. Selikoffs study of insulators shows an excess of deaths from this cause,20 but the findings were negative among chrysotile miners and mil- Among the severely exposed women there was an excess of deaths from carcinoma of the breast and carcinoma of the ovary, reaching statistical significance for carcinoma of the ovary. In the mortality studies of women assembling gas masks" 16 there was also a significant excess number of deaths from this cause. The evidence for excess number of deaths from carcinoma of the breast is less convincing, but Doniach showed that a high concentration of asbestos bodies occurred in the lungs of nonoccupationally exposed women dying from this cause.24 Among the four women in this study where further information is available evidence was found, suggesting exposure had been heavy.
In this study 39% of the female cohort factory workers, 28% of the male factory workers, and 11 % of the laggers have died. All the women workers have been followed up for more than 30 years. Over 80% of the male factory workers and 64% of the laggers have had 20 years' or 
